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METHOD FOR MANUFACTURING IMAGE DISPLAYING MEDIUM 

BACKGROUND OF THE INVENnON 
FIELD OP THE INVENTION 

The present iavention relates to a method for tnanufactoring an image 
displaying medium, and in particular^ it relatiK to a method for manufacturing an image 
displaying medium that can display an image repeatedly* 

DISCUSSI ON O F THE RELA TED A RT 

Electronic paper technique has been known in that a desired image is displayed 
on a display substrate by utOizing an electronic action. The electronic paper technique 
includes, as roughly classified, two constitutions, one of which has such a structure that 
a liquid display clement or a displaying liquid of a display element dispersed in a liquid 
is filled between substrates that face cadi other, such as those utilizing electrophoresis, 
thermal rewritable, liquid aystal and electrochromy, and the other of which has such a 
structure that a display element having a powder form is filled between substrates that 
face each other, such as a structure shown in Fig, 20, in which a conductive colored 
toner 96 and white particles 98 are filled between two iKsplay substrates 90a and 90b, 
each of which is fonned by accumulating a matrix electrode 92 and a charge 
transportiag layer 94. 

Amethod for manufacturing electronic paper of the former tedmique, in which 
a liquid display element or a display liquid of a display element dispersed in a liquid is 
filled between facing substrates, has been known. For example, a liquid crystal 
display is manufactured by sucking a gap between the substrates to fill the liquid 
display element or ihe display liquid of a display element dispersed in a liquid. 
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However, a manufacturing method for electronic paper of the latter technique, 
in which a display element in a powder form, such as a toner, is filled between the 
feeing substrates, has not yet been known. It is considered that the electronic paper of 
this type can be manufactured by sucking a gap between the substrates to 1511 the powder 
dispersed in a dispersion medium between the substrates, and then the dispersion 
medium is evaporated. However, it is difficult to conq>letely evaporate the dispersion 
medium filled between tiie substrates, and thus the method cannot be practically 
conducted. 

SUMMARY OF THE INVRNTrnN 

Undo- the circumstances, the invention provides a method for manufacturing 
an image displaying medium in that a display element in a powder form can be 
uniformly filled between substrates facing each other. 

The invention relates to, as a first aspect, a method for manufacturing an image 
displaymg medium containing fte steps of: providing plural colorant particles on at 
least one of a first flat substrate and a side of a second substrate, on which plural spacers 
are provided to maintain a constant distance to ttie first substrate upon superimposing on 
the first substrate; and fixing the first substrate and the plural spacers on the second 
substrate to arrange the colorant particles between the first substrate and the second 
substrate. 

In d» first aspect of the invention, undo: the condition in that the colorant 
particles are provided on the first substrate or the spacer side of flic second substrate, or 
on both the first substrate and the spaoCT side of the second substrate, the first substrate 
and the spaces of flw second substrate are fixed to uniformly fill tiie colorant particles 
between the fedng substrates. 
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Particularly, in the case wh^e two kinds of colorant particles having different 
diarging characteristics are used, it is prefenred that the colorant particles having one 
kind of diaracteristics are adh^ed on the first substrate, and the colorant particles 
having the other kind of characteristics are adhered on the spacer side of the second 
substrate. 

Tliat is, in the first aspect of the method for manufacturing an image displaying 
medium, because the first substrate and the spacers of the second substrate are fixed, the 
distance between the first substrate and the second substrate is maintained at a constant 
distance. Furthermore, because the colorant particles are maintained on at least one of 
Ae substrates, Ihere is no possibility of causing problems, for example, in that the 
amounts of the colorant particles filled between the first substrate and the second 
substrate are diflferent per the regions, for example, to cause a region having no coloring 
£^ent particle filled therein, and feus the colorant particles can be uniformly filled in all 
the regions. 

As a method for providing the colorant particles on the substrate, the following 
method can be employed. For example, methods utilizing an electrostatic recording 
method can be employed, in which the colorant particles are charged, and the charged 
colorant particles are directly provided on the substrate having an electrostatic latent 
image formed on the surface thereof, or in alterative, the charged colorant particles are 
provided on an intermediate transfer material having an electrostatic latent image 
formed on the surfece thereof, and the charged colorant particles are transfecred ftom 
the intermediate transfer material to the substrate. The colorant particles can be coated 
to a desired pattern by utilizing an dectrophotographic method, a method using a 
multi-stjdus electrode, a liquid development method and an electrostatic coatmg method 
as the electrostatic recording method. 
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A method of simply supplying the colorant particles to the substrate to be held 
theteoB can also be employed as another method. The method of flie type includes a 
screen printing method, a blade coating mediod, a roll^ coating me&od, a spray coating 
method, a gap coating method and a bar coating method, and a coloring agent particle 
layer can be coated on the substrate by using the methods. 

It is also possible to use a method, in which the colcarant particles are 
suspended in a space by air blowing, and the substrate passes tfuough the space for a 
presoibed period of time, so as to form a uniform coloring agent particle layer on the 
substrate by precipitation of the colorant particles. 

It is also possible to use a method, in which by using colorant particles having 
a magnetic naaterial therein^ the colorant particles are directly provided on a substrate 
having a magnetic pattern formed on the surface thereof, or in alternative, the colorant 
particles are provided on an intermediate transfer material having a magnetic pattern 
formed on the surface thereof, and then the colorant particles are transferred from the 
intermediate transfer material to the substrate to be held thereon. The colorant 
particles can be coated to a desired pattern utilizing a magnetography method as the 
magnetic recording method* 

Furthermore, it is possible that the colorant particles are dispersed in a 
dispersion mediimi and adhered on the surface of the substrate, and the dispersion 
medium is evaporated, whereby only the colorant particles r^nain on the substrate to be 
provided thereon. In such a method, the colorant particles can be coated on the 
substrate by a screen printing method, a blade coating method, a roMer coating method, 
a spray coating method, a coating method or a bar coating method or by using a 
liquid spraying device, such as an ink jet device, and then it is dried to evaporate flie 
dispersion medium, so as to unifomoly coat a coloring agent particle layer on the 
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substrate. 

Furtbermore, it is also possible diat after direcdy supplying the coloraat 
particles to the substrate, ihe colorant particles on the substrate is unifonnized by 
vibrating the substrate, so as to be held on the substrate. In such a method, after 
subjecting the colorant particles to cascade development on the substrate, die colorant 
particles are umformly smoofliened by vibrating the substrate to form a layer, whereby a 
uniform coloring agent particle layer can be coated on the substrate. The method 
where vibration is applied is also useful in the screen printing method, tbt blade coating 
method, the roller coating method, the spray coating method, the gap coating method, 
the bar coating method and the particle sedimentation method. 

Furthermore, it is also possible that the colorant particles are coated on the 
substrate having a volatile liquid coated in a desired pattern, so as to provide the 
colorant particles on the substrate in the desired pattern. In such a method, the 
colorant particles are supplied, by a screen printing method, a blade coating method, a 
roller coating method, a spray coating method, or a particle sedimentation method, to 
the substrate having a volatile liquid coated in a desired pattern, so as to adhere the 
colcarant particles, and then excess particles on the area other than the pattern are blown 
away by air, followed by evaporating the volatile liquid, whereby the coloring agent 
particle layer can be coated on the substrate in a desired pattern. 

Furthermore, it is also possible that a mask having an opening having a desired 
pattern is placed on the substrate^ and after supplying the particles, the mask is removed 
to provide the particles on the substrate in the desired pattern. In such a method, the 
particles are supplied, by a screen printing method, a blade coating method, a roller 
coating method, a spray coatmg method, a g^ coating method, a bar coating method or 
a particle sedimentation method, to the substrate, on whidi the mask having an opening 
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with a desired pattern is placed, and tiien the mask is removed, whereby the coloring 
agent particle lay^ can he coated on the substrate in a desired pattern. 

The spacers of the second substrate can be formed by cutting the surface of the 
flat substrate by a cutting tool or laser, or in aiteanative, by patterning utilizing a sand 
blast proems or a lithography technique. 

Furthennore, a spacer base material is injected in a mold having a mold surface 
in the spacer pattern formed thereon, followed by solidifying, or the second substrate is 
formed by hot press, whareby the second substrate having the spacers. In such a 
method, a mold having a desired pattern is previously formed by a microfebricadon 
technique such as discharge working, and an action curing resin, such as an ultraviolet 
ray curing resin, a visible ray curing resin and an electron beam curing resin, is cured by 
an ultraviolet ray, a visible ray or an electron beam, or in alternative, a thermoplastic 
resin is formed by hot press, followed by cooling to be cured, wh^eby the spacers can 
be formed into a fine pattern by a manufacturing method suitable for mass 
manufacturing, so as to realize high resolution of the displayed inoage. 

Fmthermore, the spaca^ of the second substrate can be formed by fixing the 
spacers arranged on the flat substrate. 

For example, the spacer particles are dispersed in an adhesive dispersion 
medium to form a dispersion fluid, and the dispersion fluid is spmyed by a liquid 
spraying device, such as an ink jet device, on the flat substrate, so as to fix the spacer 
particles on the substrate by the adhesive force of the dispersion medium to form the 
spacers. Alternatively, the spacer particles are dispersed in a volatile dispersion 
medium and supplied to the flat substrate having a fixing layer formed thereon, and thra 
the dispersion medium is evaporated to fix the spacers by the fixing force of the fixing 
layer* 
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The fixing layer is an adhesive layer formed of an adhesive inaterial, a 
thennoplastic resin layer that is plasticized by heating, or an action curing resin. 
Examples of the action curing resin include an ultraviolet ray curing resin that is cored 
by an ultraviolet ray, a visible ray curing resin that is cured by a visible xay, and an 
electron beam curing resin that is cured by an election beam- 
la the case where the fixing layer is formed of a thermoplastic xesin, the 
dispersion medium is evaporated, and Aen ttie theamoplastic resin is plastidzed by 
heating, followed by cooling, so as to fix the spacor particles on the second substrate. 
Acccjrding to the method, the substrate having the spacers can be manufactured by a 
simple process at a low cost. 

Furthmnore, in the case where the fixing layer formed on the substrate is 
formed of an action curing resin, the dispersion medium is evaporated, and then the 
resin is cured by a visible ray, an ultraviolet ray, heat or an electron beam, so as to fix 
the spacer particles on the second substrate. 

Rnthermore, the spacers can be formed by the following manner. Spacer 
particles having a fixing layer formed on the surface thereof, or spacer particles formed 
of a thermoplastic resin or an action curing resin are supplied to a flat substrate, and the 
spacers can be fixed by the fixing force of the fixing layer formed on the surface of the 
spacer particles. As the fixing layer on the spacer particles, those for the substrate can 
also be qiplted. 

It is also possible to use a method utilizing an electrostatic recording method, 
far erample^ the spacer particles are charged, and the diarged spacer particles arc 
direcfly provided on the substrate having an electrostatic latCTt image formed on the 
surface thCTeof, or in alternative, the charged spaca* particles are provided on an 
intennediate transfer matmal Imving an electrostatic latent image formed on the surface 
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thereof, and then the charged spacer particles are transfered from the intermediate 
transfer mateial to the substrate. The spacer particles can be coated in a desired 
pattern by using an electrophotographic method, a method using a multistylus electrode, 
a liquid development method or an electrostatic coating method, as die electrostatic 
recording method. 

The fixing layer is a layer of a thermoplastic resin, which is plasticized by 
heatmg. The spacer particles can be fixed on the second particles by plastidzing die 
fixing lay^ by heating, and then cooling. According to the method, the substrate 
having the spacers can be manfactured by a simple process at a low cost 

Furthermore, the following methods can be used. By using spacer particles 
having a magnetic material therein, the spacer particles are directly provided on the 
substrate having a magnetic pattern formed on the surface thereof, or in alternative, the 
spacer particles are provided on an intermediate transfer material having a magnetic 
pattern formed on the surface thereof, and the spacer particles are transfened fixjm the 
intmnediate transfer material to die substrate. A magnetic material or an 
dectromagnet havmg an arbitrary pattern formed therein is aixanged on flie back surface 
of the substrate, and after providing the spacer particles on the surface, the magnetic 
material is removed or the electromagnet is turned off. Furthermore, the spacer 
particles can be coated in a desked pattern by usmg a magnetography metfiod as the 
magnetic recording method, and the spacer particles can be fixed on tiie substrate by the 
fixmg force of the fixing layer formed on the surface of the spacer particles. As the 
fixing layer on the spacer particles, those for die substrate can also be ^pUed. 

Furihermoie, it is possible diat die spacer particles are dispersed in a dispersion 
medium and adhered on the surface of die substrate, and the dispersion medium is 
evaporated, whereby only the spacer particles remain on the substrate to be provided 
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fhereon. In such a method, the spacer particles can be coated ob the substrate by a 
screen printing method, a blade coating method, a roller coating method, a spray coating 
method, a gaqp coating method or a bar coating method or by using a liquid spraying 
device, such as an ink jet device, and then the spacer particles can be fixed on the 
SEubstote by the fixing force of the fixing layer formed on the surface of the spacer 
pardcles. As the fixing layer on the spacer particles, those for the substrate can also be 
applied. 

Furthermore* it is also possible that the spacer particles are coated on the 
substrate having a volatile liquid coated in a desired pattern, so as to provide the spacer 
particles on fee substrate in the desired pattern. In such a method, the spacer particles 
are supplied and adhered, by a screen printing method, a blade coating method, a roller 
coating method, a spray coating method or a particle sedimentation method, to the 
substrate having a volatfle liquid coated in a desired pattern, so as to adhere the spacer 
particles, and then excess particles on the area other than the pattern are blown away, 
followed by evaporating the volatile liquid, whereby die spacer particle can be coated 
on the substrate in a desired pattern, and can be fixed on the substrate by the fixing force 
of the fixing layer formed on the surface of the spacer particles. As the fixing layer on 
the spacer particles, those for the substrate can also be applied. 

Ftirthermore, it is also possible that a mask having an opening having a desired 
pattern is placed on the substrate, and after supplying the spacer particles, the mask is 
removed to provide the particles on die substrate in the desired pattern. In such a 
method, the particles is supplied, by a screen printing method, a blade coating method, a 
roller coating method, a spray coating method, a gap coatiing mediod, a bar coatmg 
mc^od or a particle sedunentation method, to the substrate, on which the mask is 
placed, and then the mask is removed, whereby die spacer particles can be coated on the 
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substrate, on which the mask having a desired pattern is placed, and can be fixed on the 
substrate by the fixing force of the fixing layer formed on the surface of the spacer 
particles. As the fixing layer on the spacer particles, those for the substrate can also be 
applied. 

Furthermore, the spacers may be formed by subjecting a film formed of a 
thermoplastic resin to heat transfer using a thermal head or by applying an action to a 
film formed of an action curing resin. According to the methods, a desired pattern can 
be formed by working the substrate by hot press, and thus the spacers can be 
manufectured by a manufacturing method suitable for mass manufacturing. A resin 
having the spacer particles kneaded therein can be used as the thOTnopIastic resin. 

It is also possible that a bar member having a thetmoplastic resin layer on the 
surface thereof or a bar member formed of a thennoplastic resin is arranged on the flat 
substrate and formed by curing with heat, or in alternative, a bar member having a layer 
of an action curing resin or a bar member formed of an action curing resin is arranged 
on the flat substrate and ftjrmed by action curing. Furthermore, plural bar members 
may be used as they cross each other As the thennoplastic resin and the action curing 
resin, those described in the foregoing can also be applied. 

As the second substrate, a film formed by kneading the spacer particles in a 
polymer resin film to form unevenness on the surface thereof may be used. According 
to the method, adhesion with the first substrate can be conducted by filling particles in 
the concave parts, and coating a thennoplastic resin or an action curing resin on the 
convex parts. 

The spacm maintain the distance between the first substrate and the second 
substrate and preferably has a lattice configuration or a mesh-like configuration. By 
using the spacer having a lattice configuration or a me^-Iike configuration, a large 
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number of cells are formed by dividing with the spacer between the first substrate and 
the secc«id substrate, and thus the colorant particles can be prevented from building up 
at a part of the displaying medium upon actuating the display medium. It is also 
prefeired that the color of the colorant particles is changed to realize multi-color display. 

The member having a lattice configuration or a mesh-like configuration can be 
manufactured by opening holes in a metallic sheet, such as stainless steel, or a resin film, 
such as polyimide, by etching or laser wOTking, by deposition fonriing of a metal, such 
as nickeU using an electrocasting method, or in alternative, by knitting a metallic wire, 
such as stainless steel, or a resin, such as nylon, into a mesh-like configuration. The 
merabcr may be coated with an insulating material, such as a resin, or with a 
thennoplastic lesin for attaining an adhesive property. 

In the method for manufacturing an image displaying meditmi of the invention, 
as a second aspect, it is preferred that upon providing the colorant particles on the 
second substrate, the colorant particles provided on an upper surface of the spacers are 
removed. 

When the colorant particles are provided on the second substrate, the colorant 
particles are adhered on the entire surface of the second substrate including the upp^ 
surface of the spacers provided on the second substrate. Because fee first substrate is 
fixed on the upper surface of the spacers, there is a possibility that the colorant particles 
attached on the upper surface of the spacers are fixed along with the first substrate. 

When the colorant particles are fixed between the spacers and the first substrate, 
not only the adhesive property between the spacers and the first substrate is lowered, but 
also flie colorant particles are always viewed from the outside when die side of the first 
substrate is used as the display surface, whereby the image quaUty is deteriorated. 
Therefore, the image quality can be in^Koved by using the side of the second substrate 
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as the display surface. Furtiiermore, by removing the colorant particles attached on the 
upper surface of the spaoars, the adhesive property between the first substrate and the 
spac€3rs can be inqjroved, and even when ttie side of the first substrate is used as the 
display surface or the side of the second substrate is used as the display surface, the 
image quality is not deteriorated and an image can always be formed in good 
conditions. 

As means for removing the colorant particles attached on the upper surface of 
the spacer, for cxaxnplc, a blade in contact only with the uppar surface of the spacer is 
moved with respect to the second substrate, so as to remove the colorant particles 
attached on the upper surface of the spacers. 

Because the amount of the colorant particles attached on the upper surface of 
the spacers is constant, by moving the blade with respect to the second substrate in one 
direction, the colorant particles removed firom one spacer fall in one region divided by 
the spacer, and therefore the constant amount of the colorant particles is filled in the 
regions. 

Furthermore, by smoo&ening the colorant particles with a blade, the colorant 
particles can be positively filled uniformly in the cell structure or the concave parts 
formed by the spacers. Specifically, a member having a naesh-like configuration is 
a(fliered on the second substrate as the spacer, and after coating the colorant particles, 
they are smoothened with a blade, whereby the colorant particles can be filled uniformly 
in the concave parts formed on the second substrate by the member having a mesh-Uke 
configuratioa. By changing the degree of elasticity of the blade, the follow-up 
property of the blade with respect to the mesh part can be controlled. By controlling 
the angle formmg the blade and the mesh part and the force applied to the blade on the 
mesh part, the amount of the filled colorant particles can be finely controlled. 
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Puithermore, the excess colorant particles attached on the convex parts of the member 
having a mesh-like configuration can be removed. 

The invention also relates to, as a third aspect, a method for manufacturing an 
image displaying medium containing the steps of: providing plural colorant particles on 
one or both of a first flat substrate and a second flat substrate, to provide a spacer 
member on one of tiie first substrate and the second substrate; and arranging the 
colorant particles and the spacer member between the first substrate and the second flat 
substrate by fixing the spacer member, the first substrate and the second substrate. 

In this aspect, the colorant particles are uniformly fiUed between the facing two 
substrates, and it is not necessary to provide the spacer on the substrate by another step 
to sinq>lify the process by the following mann^. The plural colorant particles and the 
spacer member are provided on the first substrate, and the first substrate and the second 
substrate are fixed. The plural colorant particles are provided on the first substrate, the 
spacer member is provided on the second substrate, and the first substrate and the 
second substrate arc fixed. At least one kind of colorant particles and the spac^ 
member are provided on the first substrate, the balance of the colorant particles are 
retained on the second substrate, and the first substrate and the second substrate are 
fixed. At least one kind of colorant particles are provided on the first substrate, the 
balance of the colorant particles and the spacer member are retamed on the second 
substrate, and the first substrate and the second substrate are fixed. 

Lithe method for manufacturing an image displaying medium of the invention, 
as a fourth aspect, it is preferred that the plural colorant particles and the spacer member 
are transferred to an intermediate transfer material, and then transferred fit>m the 
intermediate transfer material to the first substrate to be provided thereon. 

In the third and fourth aspects of the invention, as the method for providing the 
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colorant particles and the spacer member, fee following methods can be employed 
among tiiose described for the first aspect of the invention. 

The method of directly providing the charged colorant particles and the 
charged spacer member in a particle form (hereinafter referred to as spacer particles) on 
the substrate having an electrostatic latent image formed on the surface thcsreof, and the 
method of providing the charged colorant particles and the spacer particles on the 
intermediate transfer material having an electrostatic latent image fonned on fta surfece 
thereof, and the charged colorant particles and the spacer particles are transferred ftom 
die intermediate transfer material to the substrate to be provided thereon can be 
employed. In the case where these methods are employed, the colorant particles and 
the spacer particles may be those described for the first aspect. 

As another method using a magnetic recording method, it is possible to use a 
method, in whidi at least one kind of coltwant particles and spacer particles having a 
magnetic material inside are used, and the colorant particles and the spacer particles are 
directly provided on the substrate having a magnetic pattern formed on the surface 
thereof, and a method, in which at least one kind of colorant particles and spacer 
particles having a magnetic material inside are provided on an intermediate transfer 
material having a magnetic pattern fonned on the surfece tiiereof, and the colorant 
particles are transferred ftom the intermediate transfer material to the substrate to be 
provided thereon. In the case where these methods are employed, the colorant 
particles and the spacer particles may be those described for the first aspect 

In the fifth aspect of die method for manufacturing an image display medium 
of the mvention, the method contains the steps of: under conditions where one of a first 
flat substrate and a second flat substrate is masked, providing plural colorant particles 
on one or bofli of the first flat substrate and the second flat substrate; after removing the 
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mask, providing a spacer member on one of the first substrate and tbe second substrate; 
and arranging the colorant particles and the spacer memb^ between the first substrate 
and the second flat substrate by fixing the spacer member, the first substrate and fte 
second substrate. 

fii the fifth aspect of the invention, under the conditions where one of a first fiat 
sutetrate and a second flat substrate is masked, for example, with a member having a 
medi-like configuration, the plural colorant particles are provided on one or both of the 
first flat substrate and the second flat substrate. After providing the colorant particles, 
the mask is removed, and the spacer member is provided on one of the first substrate 
and the second substrate. Thereafter, the spac^ member, the first substrate and the 
second substrate are fixed to arrange the colorant particles and the spacer member 
between the first substrate and the second flat substrate. 

By providmg the colorant particles under the conditions where the substrate is 
masked, the colorant particles can be provided only on the necessary part. As the 
method for providmg the colorant particles, those described for the first aspect can be 
employed. 

In the sixth, seventh and eighth aspects of the invention, which are based on the 
first, third and fifth aspects, respectively, the spacer member may be a member having a 
mesh-like configuration. According to these aspects, a ccU structure can be 
conveniently formed. 

In the ninth, trath and eleventh aspect of the invention, which are based on the 
first, third and fifth aspects, respectively, the spacer member or an adhesive for adhering 
the spacer member may be an elastic material. According to these aspects, even when 
stress is applied to the first substrate and the second substrate in the vertical direction or 
in the horizontal direction, the substrates are difficult to be peeled off each other 
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because the spacer member or the adhesive for adhering the spacer member expands 
and contracts. 

In the twelfth, thirteenth and fourteenfli aspects of the invention, which are 
based on the jBrst, third and fifth aspects, respectively, the spacer member may be 
formed of a resin. For example, a resin is coated on the entire surface of the first 
substrate or the second substrate, followed by curing with heat, and then the resin is 
enrix)ssed by a mold having an unevCT shape, whereby the resin functions as the spacer. 

In the fifteenth aspect of the invention^ the method contains the steps of: 
providing plural colorant particles on one or both of a fii^t flat substrate and a second 
flat substrate, which have such shapes that the first substrate and the second substrate 
are mated each other, and mating the first substrate and the second flat substrate to fix 
the first substrate and the second substrate. 

In the fifteenth aspect of the invention, the first substrate and flie second 
substrate have the prescribed uneven shapes. Tharefore, the first substrate and the 
second substrate can hold the colorant particles in concave parts thereof. The first 
substrate and the second substrate have such shapes that the first substrate and the 
second substrate are mated each other. Therefore, the convex parts can function as the 
spacer member, and the first substrate and the second substrate can be fixed without 
adhesion. Thus, the image displaying medium can be manufactured by a single 
process. 

Furthermore, after coating the colorant particles by the manner described above, 
an altmiating current may be applied from electrodes arranged above and under the 
substrate, so as to flow the colorant particles, whereby the interior of the cells is 
uniformly coated. 
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RRTKF DESCRIPTION OF THE DRAWINGS 
Prefered embodiments of the present invention will be described in detail 

based on the following figures, wherdn: 

Fig. lis a diagram showing a manufecturing line of the first embodiment of the 

invention; 

Hg. 2 is a cross sectional view bf the spacer pardcle; 

Fig. 3A is a diagram showing the state where the black particles arc adhered, 
Fig. 3B is a diagram showing the state where the white particles are further adhered. Fig. 
3C is a diagram showing the state where the falact particles and the white particles 
adhered on the upper surface of the spacer are removed, and Fig. 3D is a cross sectional 
view showing the schematic structure of the resulting image display medium; 

Fig. 4 is a schenoatic diagram showing one embodiment of the magnetic 
recording device; 

Fig. 5 a diagram showing a manufactoring line of the second embodiment of 
the invention; 

Fig. 6 is a diagram showing a manufacturing line of the third embodiment of 
the invention; 

Fig. 7 is a diagram showing a manufacturing line of the fourth embodiment of 
the invention; 

Fig, 8 is a diagram showing a manufacturing line of the fifth embodhnent of 
the invention; 

Fig. 9 is a diagram showing a manufacturing line of the sixth embodiment of 
the invention; 

Fig. 10 is a diagram showing a manufacturing line of the seventh embodiment 
of the invention; 
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Fig. 11 is a diagram showing a manufacturing line of the eighth embodiment of 
the invention; 

Fig. 12 is a diagram showing a method for forming a flat substrate having 

spacers; 

Fig* 13 is a diagram showing another method for forming a flat substrate 
having spacers; 

Fig. 14 is a diagram showing a method for forming a flat substrate having 
spacers by using a liquid spraying device; 

Fig- 15 is a diagram showing anofh^ method for fonning a flat substrate 
having spacers by using a liquid spraying device; 

Figs. 16A and 16B are diagrams showing a method for forming a flat substrate 
having spacers by using a thermal head; 

Rg. 17 is a diagram showing another method for forming a flat substrate 
having spacers; 

Figs, 18 A and 18B are diagrams showing a further method for fonmng a flat 
substrate having spacers; 

Fig. 19 is a diagram showing a manufacturing line of the ninth embodiment of 
the invention; 

Fig. 20 is a cross sectional view showing die structure of conventional 
electronic paper; 

Rg- 21 is a diagram showing a manufacturing line of the tenth embodiment of 
the invention; 

Fig, 22 is a schemadc ctoss sectional view showing an im^e displaying 
medium relating to the tenth embodiment of the invention; 

Rgs. 23A to 23D are schematic cross sectional views showing an image 
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displaying mediiim reiatiBg to the eleventh embodiment of the inveatton; 

Fig. 24 is a diagram showing a manufacturiag line of the twelfth oEnbodiment 
of theinventioa; 

Rg. 25 is a schematic cross sectional view showing an image displaying 
medium relating to the twelfth embodiment of the invention; 

Fig. 26 is a diagram showing a manufacturing line of the thirteenth 
embodimCTt of the invention; 

Fig. 27 is a diagram showing a manufacturing line of the fourteenth 
embodiment of the invention; 

Fig. 28 is a diagram showing a manufacturing line of the fifteenth embodiment 
of the invention; 

Fig. 29 is a schematic cross sectional view showing an image displaying 
medium relating to the fifteenth embodiment of the invention; 

Fig. 30 is a schematic cross sectional view showing an image displaying 
medium relating to the sixteenth embodiment of the invention; 

Figs. 31 A and 31B are schematic cross sectional views showing an image 
displaying medium relating to the seventeenth embodiment of the invention; and 

Figs. 32A and 32B are schematic cross sectional views showing another image 
displaying medium relating to the seventeenth embodiment of the invention. 

DF.TAn,FD nF.SrRTPnON OP THF PREFRRRPn P, MBQDmfKNTS 

The invention will be desraibed in more detail with reference to the following 
specific embodiments, in which the foUowing image displaying media are manufactured 
by the method for manufacturing an image displaying medium of the invention, i.e., a 
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displaying me^um having plural cells, in which two kinds of particles having different 
coloix and chaiactmstics, such as conductive black particles and insulating white 
particles* are filled; a displaying medimn having plural cells, in which conductive white 
particles and insuladng black particles are filled; a displaying medium having plural 
cells, in which insulating black particles and insulating white particles are filled; and a 
displaying roedium having plural cells, in which plural kinds of colorant particles are 
filled, 

(First Embodiment) 

In die first embodiment of the invention, as shown in Fig. 1, by using a 
manufacturing line having, as roughly classified, a first electrostatic coating device 10, a 
second electrostatic coating device 12, a third electrostatic coating device 14, a first 
fixing device 16, a blade 18, a second fixing device 20, a first loUer shaft 22 and a 
second roller shaft 24, spacer particles 60 and the particles of two colors are 
electrostatically coated on a first flat substrate 50a by an electrophotographic method, 
and a second fiat substrate 52a is adheitfd thereto. 

A first film roller 50 and a second film roller 52 are formed, for example, with 
PET (polyethylene terephthalate) and each is a flat substrate having a thickness of 50 
^m wound into a roll form. The first film roller 50 is set on the fijrst roller shaft 22, 
and the second fihn roller 52 is set on the second roller shaft 24, fiom which ends of the 
substrates are withdrawn and the substrates are supplied. 

Between the first roller shaft 22 and the second roUer shaft 24, the first 
electrostatic coating device 10, the first fixing device 16, the second electrostatic 
coating device 12, the third electrostatic coating device 14 and the blade 18 are arranged 
in this order firom the side of the first roller shaft 22, and the first flat substrate supplied 
firom the first film roller 50 passes through the first electrostatic coating device 10, the 
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first fixing device 16, the second electrostatic coating device 12, the third electrostatic 
coating device 14 and the blade 18 in this order, and then supmmposed on the second 
flat substrate supplied font the second fihn toUa: 52, followed by fixing by the second 
fixing device 20. 

The first electrostatic coating device 10 is for electrostatically providing spacer 
particles 60 on the first flat substrate 50a and has a structure containing a photoreceptor 
drum 31 having around it in this order a charger 30 for uniformly charging the 
photarecq)tOT drum 31, an optical writing device 32 for fonning an electrostatic latent 
image having a lattice configuration on the photoreceptor drum 31, a developing device 
34 for charging !he spac^ particles 60 to supply them to the photoreceptor drum 31, a 
corotron 36 for transferring the spacer particles 60 attached on the photoreceptor drum 
31 to the first flat substrate 50a by applying an electric field, and a cleaner 37 for 
removing Hxt spacer particles remaining on the surface of ihe photoreceptor drum 3 1 . 

The spacer particles 60 each is a particle having a structure shown in Fig- 2, in 
which a thermoplastic resin layer 56 having a thickness of 10 pm is formed on the 
surface of a insulating particle 54 having an average particle diameter of 100 pm 
formed of a crosslinfced copolymer containing divinylbenzene as a main componcnL 

In the first electrostatic coating device 10, an electrostatic latent image of a 
lattice configuration having a lattice unit of 500 ixm x 500 pm is formed by the optical 
writing device 32 on the photoreceptor drum 31 uniformly charged by the charger 30, 
and the charged spacea: particles 60 are supplied from the developing device 34 to 
arrange in the lattice configuration by adhering on tfie electrostatic latent image of the 
lattice configuration. When the spacer particles 60 arranged in the lattice 
configuration passes on the corotron 36, an electric field is applied to continuously 
transfCT to the first flat substrate 50a transported between the photoreceptor drum 3 1 and 
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the corotron 36. 

On the dov^nstimn side of the photorecqrtor drum 31, the first fixing device 
16 is provided. The first fiixing device 16 heats the first flat substrate 50a, on which 
the spacer particles 60 have been transfOTed. Thus, the thermoplastic resia layer 56 on 
the surface of the spacer particles 60 adhered on the surface of the first flat substrate 50a 
is fused, and a part thereof migrates to a gap between the insulating particles 54 and the 
first flat substrate 50a. 

After passing through the first fixing device 16, the first flat substrate 50a is 
cooled in the air to fix the thermoplastic resin layer 56 and the first flat substrate 50a, 
and the spacer particles 60 are fixed on the first flat substrate 50a. Thus, the first flat 
substrate 50a becomes a substrate having convex spac^ for maintaining the constant 
distance to flie second fiat substrate 52a. 

Aft£T the first fixing device 16, the second electrostatic coating device 12 is 
provided. The second electrostatic coating device 12 has the same constitution as the 
first electrostatic coating device 10, and the description thereof is omitted but the same 
symbols are attached. 

In a developing device 34 of the second electrostatic coating device 12, for 
example, conductive black particles 62, such as conductive black particles having a true 
spherical shape formed of amorphous carbon having an average particle diameter of 20 
jum and a resistivity of about 10"^ Q cm, are filled, and the conductive black particles 62 
are charged and supplied to a photoreceptor drum 3L The conductive black particles 
62 having a true spherical shape formed of amorphous carbon are obtained through 
carbonization by baking a thermosetting phenol resin, 

An optical writing device 32 of the second electrostatic coatmg device 12 
charges the entire surface by a charger 30* Therefore, the charged conductive black 
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particles 62 having a true sphmcal shape supplied from Ac developing device 34 are 
uniformly attached on the entire surface of the photoreceptor drum 31, and are 
continuously transferred by the electric field applied on passing on the corotron 36 to 
the first flat substrate 50a transported between the photoreceptor drum 31 and a corotcon 
36, 

Therefore, on the first flat substrate 50a, the conductive black particles 62 
having a true spherical shape are attached on the entire surface including the upper 
surface of the spacer particles 60 as shown in Fig. 3A. 

After the second electrostatic coating device 12, the third electrostatic coating 
device 14 is provided. The third electrostatic coating device 14 has the same 
constitution as the first electrostatic coating device 10, and the description thereof is 
omitted but the same symbols are attached. 

In a developing device 34 of the third electrostatic coaling device 14, for 
example, insulating white pardcles 64, such as particles having a true spherical shape 
formed of divinylbenzene as a main component having an average particle diameter of 
about 20 ^m, are filled, and the insulating white particles 64 are charged and supplied to 
a photoreceptor drum 3 1 . 

An optical writing device 32 of the third electrostatic coating device 14 charges 
in the same maimer as in the optical writing device 32 of the second electrostatic 
coating device 1 2. 

Therefore, the charged insulating white particles 64 supplied from the 
developing device 34 are uniformly attached on the entire surface of the pfaototeceptor 
drum 3 1 , and are contijiuously transferred by the electric field applied on passing on the 
corotron 36 to the first flat substrate 50a transported between the photoreceptor drum 31 
and a corotcon 36. 
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Therefore, on the iBrst flat substrate 50a, the insulating white particles 64 is 
attached in the form of layer on the layer of the conductive black particles 62 having a 
true spherical shape attached on the entire surface including the upper surface of the 
spacer particles 60 as shown in Rg. 3B, 

After the third electrostatic coating device 14, the blade 18 is provided, and the 
blade device removes the conductive black particles 62 having a true spherical shape 
and the insulating white particles 64 attached on Ihe upper surface of the spacer particles 
60 by contacting the blade on flie upper sur^e of the spacer particles 60. Accordingly, 
tiie conductive black particles 62 having a true spherical shape and the insulating white 
particles 64 are arranged in the region divided by flie spacer particles 60 as shown in Fig. 

The first flat substrate 50a passing through the blade 18 is superimposed on the 
second flat substrate 52a suppHed from the second film roller 52, and then heated by the 
second fixing device 20. Thus, the thermoplastic resin layer 56 of the spacer particles 
60 is fused. After passmg through the second fixing device 20, since the fiised 
thermoplastic resin is soUdified by cooling in the air, the thermoplastic resin layer 56 on 
the upper surface of the spacer particles 60 is fixed on the second flat substrate 52a, and 
the uppOT surface part of the spacer particles 60 and the second fiat substrate 52a are 
fixed. 

Accordingly, an image displaying medium having the first flat substrate 50a 
and the second flat substrate 52a facing each other having the colorant particles in a 
powder form unifOTnly filled therebctwcCT can be manufecturcd as shown in Fig. 3D. 

As the combmation of the first flat substrate 50a and the second flat substrate 
52a for constituting the image displaying medium, a film having a two-layer stnictuie, 
in which an electrode layer having a thickness of about 50 ^m is formed on a film made 
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wilJi a charge transporting material, can be used. 

By using the substrate having such a constitutiou, the colorant particles are 
attached cotresponding to tiie inaage data on the film made with the charge transportmg 
material by ^^jplying an electric field firom a hole transportiiig film, so as to display the 
image. 

As another combination, for example, a combination of a fiat substrate 
containing a glass substrate having plural ITO pixel electrodes and a flat substrate 
containing a glass substrate having an TTO electrode on the whole surface thereof can be 
used. In this case, a substrate having a charge transporting layer made widi a charge 
transporting ctrntadal formed on the surface of the ITO electrode is used. Thus, the 
black particles are attached corresponding to the image data by applying an electric field 
firom the side of flie fliat substrate having the plural ITO pixel electrodes, so as to display 
the image. 

As the charge transporting material, hole transporting films formed by the 
following manner can be employed. About 40% by weight of 
N-mefttylcarbazolediphenylfaydrazone as a hole transporting material is added to a 
polyethylene resin and uniformly dispersed therein, which is formed in to a film having 
a thickness of about 50 ^im, or in altemafive. About 40% by wd^t of 
P,p-bis(methoxyphenyl)vinyldiphenylhydrazone as a hole transporting material is added 
to a polyelhylene resin and uniformly dispersed therein, which is fijrmed in to a film 
having a thickness of about 50 Jim, 

The spacer particles 60 used are insulating particles 54 having the 
thermoplastic resin layer 56 formed on the surface thereof. 

In the first fixing device 16 and the second fixing device 20, the thermoplastic 
resin is softened by healing to fix the spacer particles. For example, in the case using 
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the spactt- particles 60 having the thermoplastic resin layer fonned on the surfece 
thereof, such a constitution is employed that the spacer particles are heated in the first 
fixing device 16 and the second fixing device 20, so as to fix flie spacer particles 60 to 
the first flat substrate 50a and the second fist substrate 52a. 

In the first electrostatic coating device 10, other deuces for fonning an 
elecirostalic latent image, such as a pin electrode and an ion flow device, can be used 
instead of the optical writing device 32. 

FurthamOTe, when the spaco- particles 60 are magnetic particles, the spacer 
particles 60 can be ananged in a lattice configuration on the first flat substrate 50a by a 
magnetic recording medium. On tiie manufacturing line in this case, a magnetic 
recording device, such as magnetography, is provided instead of the first electix)static 
recording device 10. The magnetic recording device, for example, has a constimtion 
shown in Fig. 4 containing a soft magnetic thin fihn drum 33 having around it in this 
OTder a magnetic writing device 35 for forming a lattice magnetic pattern on the surface 
of the soft magnetic thin film drum 33, a developing device 34 for supplying tiie spacer 
particles 60 to the soft magnetic Ihin fihn drum 33, a magnetism generator 38 for 
flying a magnetic field to transfer the spacer particles attached on the soft magnetic 
thin film drum 33 to the first flat substrate 50a, and a cleaner 37 for removing the spacer 
particles remaimng on the soft magnetic thm fihn drum 33. The magnetic recording 
device is the same as the first electrostatic coating device 10 except tot magnetism is 
utilized, and thus detailed description thereof is omitted. 

Purtheimore, it is also possible that a dispersion containing the spacer partides 
60, the Wack partides 62 and die white particles 64 dispersed in a dispersion medium, 
and the dispersion is suppHed from the developing device 34 to the photoreceptor drum 
31 (i.e., liquid devdopment). 
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(Second Embodiment) 

The second embodiment is a modified example of the first embodiment As 
shown in Fig. 5, between a first roller shaft 22 and a second roller shaft 24, a first 
electrostatic coating device 10, a first fixing device 16, a second electrostatic coating 
device 12 and a blade 18 are airanged from the side of the first roller shaft 22. Aft^ a 
spacer is formed on a first flat substrate 50a supplied from a first film roller 50 by the 
first electrostatic coating device 10 and the first fixing device 16, black particles 62 are 
attached on the entire surface by the second conductive coating device 12, and the black 
particles 62 attached on the upper snrfece of the spacer particles 60 is removed by the 
blade 18, followed by further transporting. 

On the other hand, a third electrostatic coating device 14 is provided on the 
side of a second flat substrate 52a supplied from a second film roller 52, white particles 
64 arc attached on the second flat substrate 52a by the third electrostatic coating device 
14. 

That is, in the second embodiment, after forming the spacer, the first flat 
substrate 50a having the black particles 62 attached on the surface thereof and the 
second flat substrate 52a having the white particles 64 attached arc superimposed on 
each other, so as to arrange fee black particles 62 and the white particles 64 between the 
substrates, and they are heated by the second fixing device 20, whereby the upper 
surface part of the spacer particles 60 and the second flat substrate 52a arc fixed. 

Accordingly, an image displaying medium containing the colcnrant particles in a 
powder form uniformly filled between the first flat substrate 50a and the second flat 
substrate 52a facing each ofeer. According to the process, even in fee case where the 
black particles 62 and fee white particles 64 each are chained in fee opposite polarity, 
feey can be filled between fee substrates wifeout any problem. In fee process, fee 
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white particles 64 are fixed in the condition where they arc sandwiched between tiie 
upper surface of the spacer particles 60 and the second flat substrate 52a, but die 
particles are hidden particles causing substantially no problem- The other 
constitutional components of the second embodiment are the same as in die first 
embodiment, and the detailed desoiption thereof is omitted. 
(Third Embodimrat) 

The third embodiment is a modified example of the first embodiment. As 
shown in Fig. 6, on an intermediate transfer material 26 in a endless belt form rotating 
on a pair of rotating roUers 28, a first dectrostatic coating device 10, a second 
electrostatic coating device 12 and the third electrostatic coating device 14 are arranged 
in this order. Spacer particles 60, black particles 62 and white particles 64 are 
transfeiied to the intamediate transfer material, and the spacer particles 60, the black 
particles 62 and the white particles 64 are transferred at a time fiom the intermediate 
transfer material to a first flat substrate 50a by a coiotron 39. Thereafter, the first flat 
substrate 50a is superimposed on a second flat substrate 52a, and a thermoplastic resin 
layer 56 on the snrfece of the spacer particles 60 between the first flat substrate 50a and 
the second flat substrate 52a is fused to fix the first flat substrate 50a and the second flat 
substrate 52a through fee spacer particles 60 at a time. According to the process, the 
only one fixing step is appHed, and thus it is advantageous that the manufacturing 
method becomes sunple. The other constitutional components of the third 
embodiment are flic same as in the first embodiment, and the detaUed descriptioii 
thereof is omitted. 

(Fourth Embodiment) 

The fourth embodiment is a modified example of the first embodiment. As 
shown in Rg. 7. bhick particles 62 dispersed in a disperdon medium and wtdto particles 
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64 dispersed in a dispersion medium each are sprayed on a first fiat substrate 50a by 
spray coating devices 13 instead of the second electrostatic coating device 12 aiKi the 
third electrostatic coating device 14, and then the dispersion media are dried by a drying 
device 15, so as to unifomdy provide the black particles 62 and the white particles 64 
on the first fiat substrate 50a. 

As the dispersion media for dispersing the black particles 62 and the white 
particles 64, a solvent having high volatility, such as an alcohol solution, e.g., an 
aqueous solution of isopropyl alcohol, can be used. 

This method can also be ^lied to the second embodiment and the third 
embodiment. The method is advantageous since a uniform particle layer can be 
conveniently formed on the substrate. The other constitutional components of the 
fourth embodiment are the same as in die first embodiment, and the detailed description 
thereof is omitted. 
(Fifih Embodiment) 

The fifth embodiment is a modified example of the first embodiment. As 
shown in Fig. 8, black particles 62 and white particles 64 each are dispersed on a first 
flat substrate 50a by powder dispersion devices 17 instead of the second electrostatic 
coating device 12 and the third eieccrostaric coating device 14, and then vibration is 
^plied to the first flat substrate 50a by a vibrating device 19, so as to uniformly provide 
the black particles 62 and the white particles 64 on die first flat substrate 50a. This 
method can also be applied to the second embodiment and the third embodiment. 

The method is advantageous since a uniform particle layer can be conveniently 
formed on the substrate. The other constitutional components of Ae fififli embodiment 
are tiie same as in the first embodunent, and the detailed description thereof is omitted. 
(Sixth Embodiment) 
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The sixth embodiment is a modified example of the first embodiment. As 
shown in Fig. 9, a soeen printicg device 21 and a heating device 23 are provided 
instead of the first electrostatic coating device 10. 

TTie screen printing device 21 prints, for exanqjle, a thermosetting epoxy resin 
having insulating spacer particles having an average particle diameter of 100 ^m 
dispersed thereinL on a first flat substrate 50a, for example, in a lattice configoration of a 
lattice miit of 500 x 500 Mm. 

After die screen printiag device 21, the heating device 23 is provided, which 
heats the thermosetting epoxy resin of the spacer particles printed on the surfiace of the 
substrate in the lattice configuration, so as to cure fee thermosetting epoxy resin. 
Accordingly, the first flat substr^e 50a becomes a substrate having a convex spacer for 
maintaining the constant distance to a second flat substrate 52a. 

A thermosetting resm coating device 46 is provided on the second flat substrate 
52a supplied fpom a second Shn roller 52, and a thermosetting resin is coated on the 
side of the second flat substrate 52a, on which the first flat substrate 50a is 
superin^sed, to a thickness of about 10 \im by the thermosetting resin coating device 
46. 

Accordingly, when the substrates are heated by a heating device 20, the 
tiiermosetting resin coated on the second flat substrate 52a is cured, so as to fix the 
upper surfece of the spac^ particles 60 provided on the side of the first flat substrate 
50a and the second flat substrate 52a. 

As the spacer particles that can be used in the screen printing device 21, for 
exanqple, insulating particles 54 formed of a crossUnked copolymer containing, as a 
main component, divinylb^izene having an average particle diaraeto- of 100 ^m can be 
used. While the thermosettmg epoxy resin is used as the dispersion modimn of the 
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spacer particles, it is not limited thereto, and other thermosetdng resins and the action 
curing resins described in the foregoiQg can also be used. 

As the spacer particles, those having the same constitution as in the first 
enjbodiment disposed in a dispersion medium can be printed by die screen printing 
device 21 . In this case, the thermosetting resin coating device 46 can be omitted 

The method for forming the spac^ not only can be used in the first 
embodiment, but also can be used instead of the method where the spacer particles are 
direcfly fixed on the first flat substrate 50a as in the second embodiment, the fourth 
embodiment and the fifth embodiment. 
(Seventh Erobodiment) 

The seventh embodiment is a modified ojcaxnplc of the sixth embodnnent As 
shown in Fig. 10, an ultraviolet ray curing resin coating device 40, an exposing device 
42 and a unexposed resin removing device 44 are provided instead of the screen printhig 
device 21 and fte heating device 23. 

That is, in the seventh embodiment, an ultraviolet lay curing resin layer is 
coated on a first flat substrate 50a to a thickness of about 100 ixm by the ultraviolet ray 
curing lesin coating device 40 and is exposed to a lattice configuration, in which lattice 
units of 100 ^m X 100 Mm are divided by partitions having a width of 10 pm by die 
e3q)osure device 42* 

Thereafter, the ultraviolet ray coring resin on the non-exposure region is 
removed by the unexposed resin removmg device 44, so as to form the first fiat 
substrate 50a having a spacer of a lattice configuration having lattice units of 100 ^mi x 
100 Jim fonned on Ae surface thereof. 

Whfle die case using the ultraviolet ray curing resin is exemplified in the 
seventii embodiment, other action curing resin, such as an electron beam curing resin. 
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can be used instead of the ultraviolet ray curing resin. 

As similar to the sixth embodiment, this method for fonning die spacra- can be 
used instead of the method of fixing the spacer particles direcdy on the first flat 
substrate 50a as in the first embodiment, the second embodiment, the fourth 
embodiment and the fifth embodiment 
(Eighth Embodiment) 

The eighth embodiment is a modified exanqple of the sixth embodiment As 
shown in Fig. 11, an abrasion device 25 is provided instead of the screen printing device 
21 and the heating device 23. 

Tlie abrasion device 25 has an ultraviolet laser and abiades the surface of a first 
flat substrate 50a supplied bom a fihn roller 50 to a depth of about 100 jum by the 
ultraviolet laser to form a lattice having lattice units of 100 jmi x 100 ixm divided by 
partitions having a width of 10 pm. 

Acrardingly, the first flat substrate 50a havmg on the surface th^eof the spacer 
of a lattice configuration having lattice units of 100 ^ x 100 |im is obtained. The 
process is advantageous since the spacer can be conveniently formed with good 
precision. 

in the dghth embodhnent, because the surface of the first flat substrate 50a is 
abraded by the ultraviolet laser, the thickness of the first flat substrate 50a is determined 
with consideration of the thickness for fonrang the spacer. For example, a flat 
substrate formed of PET (polyethylene t^hthalate) having a thickness of 150 jim . 
wound to a roller is used as a first film roller 50. 

As similar to die sixth embodiment, this method for forming the spacer can be 
used instead of the method of fixing the spacer particles directly on the first flat 
substrate 50a as in the first embodiment, the second embodiment, the fourth 
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erabodifficnt and tic fifth embodiment. 
(Ninth Einbodiinent) 

The ninth embodiment is a modified cxanq>ie of the sixth cjnbodiment, and a 
flat substtate 51a having a spacer is wound to a roll form, which is used as a first film 
loilerSl. 

The flat substrate 5ia having a spacer can be formed by separately conducting 
the stop of forming the spacer in the jBrst to eighth embodiments, and may be formed m 
the following manners. For example, as shown in Fig. 12, a mold 70 having a lattice 
having lattice muts of 100 ^im x 100 ^im and a d^th of 100 jim divided by partitions 
having a width of 10 fmi is manufactured by a dischaige treatment, and after injecting a 
thermosetting resin or an action curing resin onto the mold, the substrate is formed by 
applying heat or an action, or in alternative, as shown in Fig. 13, a dispersion having 
spac^ particles dispersed therein is put in a case 72 having a flat substrate 50a on the 
bottom surface thereof, followed by evaporating the solvent, so as to form the substrate. 

In tiiis case, the particles containing insulating particles 54 having a 
thermoplastic resin layer 56 (or an action curing resin layer) on the surfece thereof as 
described in the first embodiment ate used as flie spacer particles, and heat or the 
corresponding action is applied aft^ evj^K>ratuig the solvent, so as to fix the spacer 
particles on the fiat substrate. 

As anotbca- method the flat substrate 51a having a spacer can be formed by a 
method shown in Hg. 14, in which the insulating particles 54 described in the first 
embodiment are dispersed in a medium containing an adhesive, which is discharged on 
the flat substrate to a lattice configuration by usmg a liquid spraying device, such as an 
ink jet recording device. 

As an application of the method, as shown in Fig. 15, after discharging an 
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adhesive oa a flat substrate to a lattice configuration by using a liqiiid spraying device, 
such as an ink jet recording device, insulating particles 54 are supplied on the flat 
substrate by a pardcle supplying device 78 to adheare the insulating particles 54 to tiie 
adhesive, whereby a flat substrate 51a having a spacer can be obtained. 

As further applications of the method, as shown in Fig. 16A, a solid transfer 
mataial, such as an ink ribbon 82 having insulatmg particles 54 described in the first 
embodiment dispersed therein, is softened by a thermal head 80 to transfer on a fiat 
substrate to a lattice configuration, so as to form a flat substrate 51a having a spacer, or 
in alternative, as shown in Fig. 16B, after transferring sohd transf^ malraal, such as an 
ink ribbon 82, to a flat substrate tfirou^ softening by heating with a thennal head 80, 
insulating particles 54 are supplied to the flat substrate by a particle supplying device 78 
imtil the ink is solidified, and the insulating particles 54 that are attached to the ink 
pattern are adhered by a pressing device to be compressed in the ink pattern, whereby a 
flat substrate 51a having a spacer can be formed. 

Rirthennore, as shown in Fig. 17, a resin 86 (for which those described in the 
foregoing can be used) in a flowing state is dropped on a flat substrate to form a lattice 
pattern and ihen solidified, so as to form a flat substrate 5 la having a spacer 

Furthermore, as shown in Figs. 18A and 18B, bar spacer members having a 
thermoplastic resin layer or an action curing resin layer on the surface thereof, or bar 
spacer membears formed of a thermoplastic resin or an action curing resin are arranged 
in parallel on a flat substrate, and they are fixed on the flat substrate by applying heat or 
the corresponding action, whereby a flat substrate 5 la having a spac«^ can be ftnmed. 

The thus resulting flat substrate 51a having a spacer is wound into a roll fonn, 
which is set on a first roller shaft 22 in Fig, 19. 

The manufacturing line shown in Fig. 19 is formed by removing flie first 
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electrostatic coating device 10 from the manufactimng line shown in the first 
embodiment, in which after uniformly coating the black particles 62 and the white 
particles 64 on the surface, the second flat substrate 52a is superimposed, to form an 
image displaying medimn having the colorant particles in a powder form unifortoly 
filled between the first fiat substrate 51a and the second flat substrate 52a. 

While the black particles 62 and the white particles 64 are supplied by an 
^ectrostatic recording method using an electrostatic recording device in the ninth 
embodiment, all the recording methods can be appHed instead of the electrostatic 
recording method, 
(Tenth Erhbodimeat) 

The tenth embodiment is a modified example of the fifth embodiment, and as 
shown in Fig. 21, instead of the first electrostatic coating device 10, a mesh member 
100a supplied from a film roller 100 is adhered or fused by heating on a first flat 
substrate 50a, so as to form a spacer. 

A transparent epoxy adhesive is coated by an adhesive coating device 102 on 
the first flat substrate 50a supplied from a film roller 50, The mesh member 100a 
supplied tcom the film roller 100 is adhered on the first fiat substrate 50a. Then, after 
curing the adhesive by heating with a first fixing device 16, colorant particles 103 are 
dispaised on the mesh member 100a by a powder dispersing device 17. 

The dispersed colorant particles 103 are sraoothened with a blade 18 to be 
coated on the mesh part of the mesh member 100a. At diis time, the colorant particles 
103 attached on the convex parts of the mesh menoiber lOOa are removed, 

A second fiat substrate 52a siqjplicd from a film roller 52 is coated with a 
transparent epoxy series adhesive by a second adhesive coating device 104, and then the 
first flat substrate 50a is superinqwscd thereto, followed by heating by a second fixing 
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device so as to core the adhesive. 

Hie coloraBt particles used herein are formed by mixing white and black 
insulating particles, to which vibradon is applied to electrostatically charge the particles. 

Furthermore, the colorant particles 103 is fluidized by previously applying an 
AC voltage between electrode provided above and under the particles to unravel the 
colorant particles 103 that is solidified and unmovable, so as to form a good coating 
condition of the colorant particles 103 excellent in uniformity and mobility. 

By using the substrate of the constitution described herein, the colorant 
particles 103 are attached corresponding to the image data by applying an electric field, 
so as to display an image. 

As anoflier combination, a combination shown in Rg> 22 can be used, which 
contains a first flat substrate 50a formed of a glass substrate having plural ITO pixel 
electrodes 106 provided and a second flat substrate 52a formed of a glass substrate 
having plural ITO electrodes 106 provided on the entire surface thweof. In this case, a 
substrate having an insulating layo* 108 formed of a dielectric material provided on the 
surface of the ITO pixel electrodes 106. Thus, the colorant particles 103 are adhered 
corresponding to the image data by applying an electric field ftom the side of the flat 
substrate having the plural ITO pixel electrodes 106 provided, so as to display an image. 

Accordingly, a cell structure can be conveniently formed by using the mesh 
member as the spacer. FurthOTDore, it becomes possible to convenimtly coat the 
colorant particles irrespective to the electric characteristics of the particles. It is also 
possible to coat plural kinds of particle mixed with each other, 
(Eleventh End)odinaeiit) 

In the eleventh embodiment, electrodes of a band form are arranged on a 
substrate, and after mating a mold thereon, a resin is mjected between the substrate and 



36 



the mold to cure the resin, whereby the electrodes are fixed and an insulatiiig fflm is 
formed on the substrate at a time. 

On a first flat substrate 50a of 120 mm x 120 mm formed of an acrylic 
substrate having a thickness of 5 mm, ITO-deposited PET fiams 110 (manufecturcd by 
Toray Corp.) having a band form of a width of 9 mm and a length of 120 mm are 
arranged as the ITO surfiace being upward with a distance of 1 mm as shown in Fig. 
23A, and while holding the upper ends and the lower ends of the PET films, a 
transparent qpoxy scries adhesive 112 is coated on the arranged ITO electrodes as 
shown in Hg, 23B. Theapeafter, the adhesive is cured by heating, and then the upper 
ends and the lower ends of the PET films are released to form electrodes. 

Upon coating the transparent epoxy series adhesive 112, by matmg with a mold 
114 having arbitrary nnevenness as shown in Fig. 23C, a spacer having arbitrary 
unevenness can be formed of the transparent epoxy series adhesive as shown in Fig. 
23D. 

Furthermore, the FTO^eposited PET fihns 110 aie also arranged on a second 
flat substrate 52a, and after holding the upper ends and the lower ends of the PET films, 
the transparent epoxy series adhesive 112 is coated on the arranged ITO electrodes. 
Thereafter, the adhesive is cured by heatmg, and the upper ends and the lower ends are 
released to form electrodes. The coating step of the colorant particles 103 and the like 
steps are the same as those m the tenth embodiment, and the descriptions thereof are 
omitted. Thus, by using an adhesive, a ceU structure having rnatrix electrodes 
conveniently formed. By using the substrate having such a constitution, the colorant 
particles 103 are adhwed by applying an electric filed to display an image. 
(Twelfth Embodiment) 

In the twelfth embodiment, by usmg a dry screen coating device, only the 
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colorant particles in a powcter fonn arc coated by screen printing using a mesh and a 
blade, in which the colorant particles can be coated only on the necessary regions by 
using a mask. 

A desire electrode pattern is formed by etching on a first flat substrate 50a and 
a second flat substrate 52a each formed of a glass substrate having an ITO electrode 
vapor-deposited thereon, and a mask 116 is placed on the first flat substrate 50a, 
whereby the colorant particles 103 ate not coated on the regions other than the 
nec^sary regions, as shown in Fig, 24, 

Then, the colcwrant particles 103 are placed on the screen niesh by a dry screen 
coating device 18 and smoothened by a blade 18, so as to uniformly coat the colorant 
particles. Thereafter, the mask 116 is removed by a mask removing device not shown 
in the figure, and after placing a spacer member 120 having an cpoxy series adhesive 
coated on both surfaces, the second flat substrate is superinq>osed and adhered. The 
other constitutional components of the twelfth embodiment arc the same as those in the 
tenth embodiment, and thus die description thereof is omitted. 

The first flat substrate 50a and the serand flat substrate 52a each is a flat 
substrate having plural IFO pixel electrodes 106 ttiereon as shown in Fig. 25. hi this 
case, a substrate having an insulating layer 108 formed of a dielectric material provided 
on the surface of the ITO electrodes 106. TTius, the colorant particles can be attached 
corresponding to the image data by applymg an electric field ficom the side of the flat 
substrate, on which the plural nO electrodes are provided, so as to display an image. 

Accordingly, the colcsant particles can be conveniently coated irrespective to 
the electric characteristics of the particles. Also, a plurality of particles can be mixed 
to be coated. Furthermore, by coating the coloring agent using a mask, the colorant 
particles can be prevented from being coated on unnecessary regions but the colorant 
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particles 103 can be roated only on the necessary regions. 
(Thirteenth Embodiment) 

The thirteenth embodiment is a modified example of the twelfth embodiment. 
As shown in Fig, 26» a spray coating device (wet type) 122 is provided ii^tead of the 
dry screen coating device 118. 

The spray coating device 122 coats the colorant particles 103 dispersed in a 
dispersion medium is coated by spraying. Thereafter, after completely evaporating the 
dispersion medimn by heating in a vacuum drying chamber 124 at 10D*C for 30 minutes, 
the mask 116 is removed by a mask removing device not shown in die figure, and a 
spacer member 120 having an epoxy series adhesive coated on both surfaces is put 
tii«:eoa, followed by adhering a second flat substrate 52a. The other constitutional 
components of the thirteenth embodiment are the same as those in twelfth embodiment, 
and the detailed description tha:eof is omitted. 
(Fourteenth Embodiment) 

The fourteenth embodiment is a modified example of the thirteenth 
embodiment- As shown in Fig. 27, a powder spray coating device (dry type) 126 is 
provided instead of the spray coating device (wet type) 122, and tiie colorant particles of 
white and black are suspended in a closed space by air flow caused by spraying, and 
then made descending on the substrate. 

By using the colorant particles descending, the particles can be uniformly 
coated. The coating amount can be precisely controlled by adjusting the time of 
descending. The otha* constitutional components of the fourteenth embodin[ient arc 
the same as those in thirteenth embodiment, and the detailed desodption thereof is 
omitted. 

(Fifteenth Embodiment) 
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The fifteenth embodiment is a modified example of the fourteenai embodiment. 
As shown in Fig. 28, a liquid coating device 128 is provided for coating a volatile 
solvent, and a volatile solvent is previously coated by the liquid coatmg device 128, 
Hie colorant particles of white and black are spray-coated th^^n by a dry spray device 
126, to attach the particles on the part where the volatile liquid is coated. Thereaft^, 
excess colorant particles are removed by air blowing using an air blow device 130. 
After conqjletely cv^orating the volatile solvent in a vacuum drying device 124 at 
100*'C for 30 minutes, a spacer member 120 having an cpoxy series adhesive coated on 
both surfaces is placed thereon, and a second flat substrate 52a is adhered. 

Accordingly, in a dry spray coating, after previously forming a patton with the 
volatUe solvent on the first flat substrate 50a, the excess colorant particles are removed 
by air blow, and then the volatile solvent is removed by drying, whereby the colorant 
particles can be coated only in the desire pattern. Thus, the substrate shown in Fig. 29 
is manufactured. The other constitutional con^nents of the fifteenth embodiment are 
the same as those in fourteenth embodiment, and the detailed description thereof is 
omitted, 

(Sixteenth Embodiment) 

In the sixteenth embodiment, a first flat substrate 50a and a second flat 
substrate 52a are m the form shown in Fig. 30, i.e„ they can be fixed to each other. 
They arc manufactured by the following manner. 

An arbitrary unevenncss pattern is formed on a first flat substrate 50a formed 
of an acrylic plate by a cutting machine, and an unevenncss pattern that can be fixed to 
the unevenncss pattern of the first flat substrate 50a is formed on a second flat substrate 
52a by using a cutting machine. That is, the unevenncss patterns are formed in such a 
manner that the convex part of the first flat substrate 50a meets the concave part of the 
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second flat substrate 52a, and the concave part of the first flat substrate 50a meets the 
convex part of the second fiat substrate 52a. The unevenness pattern can be formed 
not only by cuttmg but also by using a mold, UV curing or laser abrasioru 

Colorant particles 103 are dispersed on the unevenness pattern of the first flat 
substrate 50a. The dispersed colorant particles 103 are uniformly smoothened by a 
squeegee and coated in the concave parts of the unevenness pattern as shown in Fig. 30. 
Th^ the unevenness pattern of the first substrate and tfie unevenness pattern of the 
second substrate are superimposed as shown in Fig. 30. 

Accordingly, by fixing the first flat substrate 50a and the second flat substrate 
52a, a step of adhering can be omitted to conveniently manufacture the image 
displaying medium. 
(Seventeenfli Embodiment) 

In the seventeenth embodiment, an elastic matmal is used as a spacer member 
120 as shown in Figs. 31 A and 31B, or in alternative, an elastic material is used as an 
adhesive 132 for a spac^ as shown m Figs. 32A and 32B. 

Upon using an elastic material as the spacer member 120, even when a force is 
applied in the horizontal direction (direction A in the figure) as shown in Fig. 31 A, or 
evCT when a force is applied vertical direction (direction B in the figure) as shown in 
Fig, 31B, the spac^ member 120 expands and contracts to prevent the adhesive fiom 
peeling. 

Similarly, upon usmg an elastic material as the adhesive 132 for the spacer, 
even when a force is appUcd m the horizontal direction as shown in Fig. 32A, or even 
when a force is applied vertical direction as shown in Fig. 32B, the adhesive 132 
expands and contracts to prevent the adhesive fixxm peeling. 

In all the embodiments desaibed in the foregomg, conductive particles and 
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insulating particles can be nsed. Hie conductive particles can achieve charge transfer 
by contacting with the substrate and has an advantage that the charge can be stably 
maintained, ITierefore, the use of conductive particles is preferred since the stability 
of the particles upon repeated use is in^jroved. The insulating particles can have a 
charge distribution by friction with the particles of the same Mnd or wifli the particles of 
different kinds, which can be driven by an electric jBeld, 

Exan^jles of a material that achieve charge transfer by contacting with the 
substrate mclude carbon black, metallic particles, such as nickel, silver, gold and tin, 
and particles having tiiese materials coated thereon or contained therein. 

Specifically, exanqjles thereof include conductive particles having a true 
spherical form containing fine particles made with a crosslinked copolymer containing 
divinylbenzene as a main component having nickel electroless plating on the surface 
th^eof (Micropearl NI, a trade name, manufactured by SeMsui Chemical Co., Ltd.), and 
conductive particles having a true spherical form further subjected to displacement 
plating with gold (Micropearl AU, a trade name, manufactured by Sekisui Chemical Co., 
Ltd). 

Furthermore, examples include conductive particles having a tmc spherical 
form of amorphous carbon obtained tiirougji caibonization by baking a thermosetting 
phenol resin (Univex GCP, H-iype, a trade name, manufactured by Unitika Ltd, 
volume resistivity: ^ IQ-^ fl-cm), conductive particles having a true spherical form 
further coated with a metal, such as gold and silver (Univex GCP Conductive Particles, 
a trade name, manufactured by Unitika Ltd., volume resistivity: ^ 10^ H-cm), 
conductive particles having a true spherical form contaimng oxide fine particles having 
a true spherical form of silica or alumma having Ag and tin oxide coated on the surface 
thereof (Admafine, a trade name, manufectured by Admatechs Co., Ltd.), and particles 
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contamiag mother particles of various materials, such as a styrene resij^i, an achylic resin, 
a phenol resin^ a silicone resin and glass, having conductive fine particles attached on 
the surface thereof or buried therein. 

The insulating particles are not limited to those described in the foregoing, but 
the following materials can be used. The following materials can also be used in the 
embodiments described later. 

Exan^les of the insulating white particles include crosslinked polymefliyl 
methacrylate spherical fine particles containing titanium oxide (MBX-White 
manufactured by Seldsxd Chemical Co,^ Ltd.), spherical particles of crosslinked 
polymethyl methacrylate (Chemisnow MX manufactured by Soken Chemical Co., Ltd.), 
fine particles of polytetrafluoroefhylene {Lubron L manufactured by DaiMn Industries, 
Ltd. and SST-2 manufactured by Shamrock Tedmologies Inc), fine particles of carbon 
fluoride {CF-100 manufectured by Nippon Carfjon Co., Ltd. and CFGL and CFGM 
manufactured by Daikin Industries, Ltd.), silicone resin fine particles (Tospearl 
manufactured by Toshiba Silicones Co., Ltd.), fine particles of polyester containing 
titanium oxide (Bityushia PL 1(XX) White T manufactured by Nippon Paint Co., Ltd.), 
fijie particles of a polyester and acrylic resin containing titanium oxide (Conac No. 1800 
White manufactured by NOP Corp.) and spherical fine particles of silica (ffipresica 
mamifectured by Ube-Nitto Kasei Co., Ltd.)* 

Examples of the insulating black particles include particles having a true 
spherical form of a crosslinJced copolynier contaimi^ divinylbcnzene as a main 
con^xjucnt (Microperl BB and Microperl BBP nianufactured by Sekisui Chemical Co., 
Ltd.) and spherical fine particles of crosslinked polymethyl methacrylate (MBX Black 
manufactured by Sekisui Plastics Co., Ltd.). Examples of the black conductive 
particles include amorphous caibon fine particles fimned by baking phenol resin 
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particles (Univex GCP Hxanufactuied by Unitika Ltd.) and spherical fine particles of 
caibon and graphite (Nicabeads ICB, Nicabeads MC and Nicabeads PC roanufactured 
by Nippon Carbon Co., Ltd,)- 

As described in the foregoing, the invention exhibits an eflfect that a display 
element in the form of powder can be uniformly filled between facing substrates. 
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WHAT IS CLAIMED IS: 

L A method for manufacturing an image displaying medium comprising 
the steps of: 

providing plural colorant particles on at least one of a first flat substrate and a 
side of a second substrate on which a spacer is provided to maintain a distance to the 
first substrate upon superimposing on the first substrate; and 

fixing the first substrate and the spacer on the second substrate to arrange the 
colorant particles between ttie first substrate and the second substrate. 

2. A method for manufacturing an image displaying medium as claimed 
in claim I, wherem upon providing the colorant particles on the second substrate, the 
colorant particles provided on an upper surface of the spacer are removed. 

3, A method for manufacturing an image displaying medium comprising 
the steps of: 

providing plural colorant particles on one or both of a first flat substrate and a 
second flat substrate and providing a spacer memba- on one of the first substrate and the 
second substrate; and 

arranging the colorant particles and the spacer m^nber between the firat 
substrate and the second substrate by fixing the spacer member, the first substrate and 
the second substrate* 

4. A method for manufecturing an image displaying medium as claimed 
in claim 3, wherrin the plural colorant particles and the spacer member are transferred 
to an intermediate transfer material, and then transforcd ftom the intermediate transfer 
material to the first substrate to be provided thereon. 

5, A mefliod for manufacturing an image displaying medium comprising 
the steps of: 
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providing plural colocant particles on one or both of a first fiat substrate and a 
second flat substrate while masldiig one of the first substrate and the second substrate; 

after removing the mask, providing a spacer member on one of the first 
substrate and the second substrate; and 

fixing the spacer member, the first substrate and the second substrate so that 
the colorant particles and the spacer member are arranged between the first substrate 
and the second substrate, 

6. A method for manufacturing an image displaying medium as claimed 
in claim 1, v/b&rdn the spacer member has a mesh-fike configuration. 

7. A method for manufacturing an image displaying medium as claimed 
in claim 3, wherdn the spacer member has a mesh-like coirfiguration, 

8. A method for manufiicturing an image displaying medium as claimed 
in claim 5, wherein the spacer member has a mesh-like configuration. 

9. A method for manufiicturing an image displaying medium as claimed 
in claim 1, wherein the spacer member or an adhesive for adhering the spacer naember is 
made of an elastic material. 

10. A method for manufacturing an image displaying medium as claimed 
in claim 3, wherein the spacer member or an adhesive for adhering the spacer member is 
made of an elastic material. 

U, A method for manufacturing an image displaying medium as claimed 
in claim 5, wherein the spacer member or an adhesive for adhering the spacer member is 
made of an dastic material. 

12. A method for manufacturing an image displaying medium as claimed 
in claim 1, wherein the spacer member is formed of a resin. 

13, A method for manufacturing an image displaying medium as claimed 
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in claim 3, wherein the spacer member is farmed of a resin. 

14. A method for tnanufacturiag an image displaying medium as claimed 
in claim 5 ^ wh^in the spacer member is formed of a resin. 

15. A method for manufacturing an image displaying medium comprising 
the steps of: 

providtug plural colorant particles on one or both of a first flat substrate and a 
second flat substrate, which have such shapes that the first substrate and the second 
substrate are mated with each other, and 

mating the first substrate and the second flat substrate to fix the first substrate 
and the second substrate. 



ABSTRACT OF THF, DTSCT.OSTTRF 
A method for manufecturing an image displaying medium is provided in that a 
dispky elem^t in the form of powder can be filled between facing substrates. After 
patterning spacer particles on a first flat substrate supplied IBrom a first film rollea: set on 
a first roller shaft by a first electrostatic coating device, they are fixed by a first fixing 
device to form a spacer on the first flat substrate, and then black particles are coated on 
the entire surfece by a second electrostatic coating device. After coating white 
particles thereon by a third electrostatic coating device, the black particles and the white 
particles on the upper part of the spacer are removed by a blade, and a second flat 
substrate supplied from a second fihn roUer set on a second roUer shaft is si^jcrimposed, 
foUowed by fixing the upper part of the spacer and the second flat substrate by a second 
fixing device. 
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Edward P. WaUocr, Reg. No. 31,450* Robert A Miller, Reg. No. 32,771; 
Mario A, Costantino, Reg. No. 33,565; and Caroline D. Deimison, Reg. Na.34,494. 

ALL CORRESPONDENCE IN CONNECTION WTIH THIS APPLICATION SHOULD BE SENT TO OUFF & 
BERRIDGE, P.O. BOX 1992«, ALEXANDRIA, VIRGINIA 22320, TELEPHONE (703) 836^6400. 

I haeby declare that I have reviewed and understand the contents of this Declaration, and that all statements made 
herein of my own kno^dedge are true and that all statements ccrade on information and belief arc believed to be true; and 
further that (hese statements were made wi& the knowledge that willful false statements and the like so made arc punishable 
by fiiffi or ingjrisonment, or both, under Section 1001 of Tide 18 ol the United States Code and ttmt such willful false 
statements may jeopardize the validity of the s^lication or any patent issued dkcnxm. 



Typewrit] 

of Sole or First inventor Motohifco Salramgki 

Given Natne Middle InitiS family Name 

♦*Date of Signature: ^ /-ifJOQ 

Month B5y Ye5 



Residence: Nakai-machi Kanagawa Japan 

City State of Province Country 

Cidzoiship: Japan 



Post Office Address: c^o Ryi Xerox Co,, Ltd., 430, Salcai, Nakai-niachi, 
taiqpkteiiMiHaK Ashigarakami-gon, Kanagawa, Japan 



♦TTib form may be executed only when attached to the s|>oc5 fication (including claims) at the end thereof if Box a. is checked. 
♦♦Note to Inventor. Ileascs^ name exacdy as it appears above and insert the actual date of sign^ 
IF THERE IS MORE THAN ONE INVENTOR USE PAGE 2 AND PLACE AN -X" HERE H 



Ty^written Pull Name 
of Second JduA iuveator 

♦♦Inventor's Signature: 
**Date of Sign^urc: 



PAGE 2 OF A. DECLARATION FOItM 

Kiyoshi 
Given Name" 

Jo/P^hi 



Middle Initial 



Shigdiiro 



Family Name 



Residence; 

Citizeosh^: 

Post Office Address: 



Nalai- machi 
Sty 



Month 



Japan 



Kanagawa 
State of Proving 



Day 



Year 
Japan 



Country 



c/o Fuji Xerox Co., Ltd,, 430, Sakai, Nakai-machi, 
Ashigarakami-gun^ Kanagawa, Japaa 



ISnaewritten MI Name 
of Third Joiat inventor: 

**InventQr*s Signature; 
**Date of Signature: 

Residence; 



Yoshiro 
Given 



Middle Initial 



Yamaguchi 
Family Name" 



Nakai-machi 



Kd;4th 



Citizenship: 
Post Office Address: 

«*WnmB, DRfcjdtBg oounfr^ 

Typewritten FuU Name 
of Fourth Joint inventor 

♦♦Inventor's Signature: 
♦♦Date of Signature: 



City 



Kanagawa 



Day 



Ji^)an 



State of Province 



Japan 



Country 



c/o Fnji Xerox Co,. Ltd., 430, Sakai, Nakai-machi, 



Ashigarakami-gun, Kanagawa, Japan 



Shota 



Given Nanae ' Middle InitdaT 



Residence: 

Citizenship; 

Post GCfice Address: 

aoHct Cbnptote nai&ie 



Typewritten Rdl Name 
of fcfth Joint inventor: 

♦♦Inventor's Sigoatuce: 
♦♦Date of Signature: 



Nakaj- machi 



Japan 



Month Day" 

Kanagawa 

~~" State of Province 



J- 



Oba 

Family Name 



Year 



Japan 



Country 



c/o Fgji Xerox Co., Ltd., 430, Sakai, Nakai-machi^ 



Ashigarakami-gun, Kanagawa, Japan 



Nobnyuki 
Gi vat Name" 



Middle Initial 



Residence: 

Citizenship: 
Post Office Address: 



Nakai-m achi 
City 



7 
Month 



-SI 



Nakayama 
Family Name" 



Japan 



Kanagawa 
state of hovince 



Day 



^ 



Ji^)an 



Country 



c/oRiii Xero x Co,. Ltd,. 430. Sakai, Nakai-machi, 

Ashigarakami-pm. K a nagawa. Japan 

♦♦Note to Inventors: Please sign iianK exactly as ft 



PAGE 3 OF U.S.A. DECLARATION FORM 



Typewritt^ Full Name 
of Sixth Joint inventon 

♦♦Inventor's Signature: 
**Datc of Signature: 



Yoshinori 



Given Naxne 



Middle Initial 



Machida 

Family Name 



Residence: 

Cstizenship: 

Post OfSce Aildress: 



Naiai-machi 



City 



Japaa 



Mon& Pay 

Kanagawa 

State of ProviDce 



Japan 



Country 



c/o Fuji Xerox Co., Ltd, 430, Sakai, Nakai-machi, 



AshigarakaiDi-gun, Kanagawa> Japan 



Typewritten Full Name 
of Seventh loint iaventon 

**lBvetttOfr*s Signature: 
**Date of Signature: 



Mittoru 



JResidence: 

Citizensbip: 

Post Office Address: 

KjdcCM, lacAJdtllg COuOtry) 



Natai-inachi 



Given Nanae ~^ Middle Ini^ 



Mon 



Kanagawa 



/ O 
Day 



KosMmtzu 
Family Name 



J^an 



State of Province 



YeE" 
Japan 



Country 



c/o Fuji X^ox Co., Ltd,, 430, Sakai, Nakai-macfai, 



Ashigarakami-gun, Kanagawa, Japan 



Typewritten Pull Name 
of Bighth Joint inventon 



Talceo 



**Invcntor'8 Signature: 
**Date of Signature: 



Given Name 



Middle Initial 



Kaldnuma 



/I 



Rttniiy Nai 



Resid^ce: 

Citizenship: 

Post Office Address: 

^ iockidiaccotictry) 



Nakai-machi 



aty 



Japan 



Month Day 

Kanagawa 

State of Province 



^Nanae 



Year 
Japan 
Cotiotry 



c/o Fuji Xerox Co., Ltd., 430, Sak^, Naleai-machi, 



Ashigarakami-gim, Kanagawa, Japan 



IS^writtcn Full Name 
or Ninth Joint inventor 

**Invent<H''s Signature: 
**Datc of Signature: 

Residence: 

Citizensh^: 
Post Office Addiess: 

MldpcMk iac&^ duny) 



Given Nanoe 



Middle Initial 



Family Nanx 



City 



Month Day 
State of Province 



"TSE 

Country 



**Note to Inventors: Please sign name exactly as it appears and msot the actual date of signing. 

Itxis f cHm may be executed only when attached to &c first page of die Declaration and Po wo: of Attorney form of flic application 
to which it pertains. 



